Ogataea haglerorum sp. nov., a novel member of the species complex, Ogataea (Hansenula) polymorpha Abstract Three strains representing a novel species of the Ogataea clade were isolated by W. T. Starmer and H. J. Phaff from rotting tissue of Opuntia phaeacantha in Arizona, USA. Analyses of the sequences of the D1/D2 LSU rRNA gene, ITS1-5.8S-ITS2, and translation elongation factor-1a (EF-1 a) showed that this novel species belongs to the Ogataea polymorpha complex formed by Ogataea angusta, Ogataea parapolymorpha and Ogataea polymorpha. The novel species differs from these species by 4-5 nucleotide substitutions in the D1/D2 domain, by 28-29 nucleotide substitutions in the EF-a gene and by 18-24 nucleotide substitutions and 2-5 indels in the ITS-5.8S region. The name Ogataea haglerorum sp. nov. is proposed for this novel species. The type strain is VKPM Y
The methylotrophic yeast clade, Ogataea, has expanded rapidly and currently comprises over 60 species, including Candida anamorphs [1, 2] . Ogataea (Hansenula) polymorpha is one of the most important yeasts for applied and basic studies [3] [4] [5] [6] [7] [8] . This yeast is known by different genus and species names due to numerous taxonomic revisions. First, strain NRRL Y-1798 (CBS 1976) was described as Hansenula angusta without a Latin diagnosis [9] . Then, de Morais and Maia [10] described another taxon, Hansenula polymorpha, using strain CBS 4732 (NRRL Y-5445). Based on strain NRRL Y-2214 (CBS 7073), a formal description of H. angusta was made by Teunisson et al. [11] . Later, H. angusta was treated as a synonym of H. polymorpha [12] . The latter species was included in the revised genus Pichia under the name Pichia angusta with the type culture NRRL Y-2214 T , as the name Pichia polymorpha was already in use for another species [13] . Based on the 18S and 26S rRNA gene sequences, P. angusta was transferred from the heterogeneous genus Pichia Hansen to the newly created genus Ogataea under the name O. polymorpha, with type culture CBS 4732 T [14] . The subsequent multigene phylogenetic analyses showed the existence of the O. polymorpha species complex, including O. polymorpha, O. angusta, and Ogataea parapolymorpha [15, 16] .
A possible fourth species of the O. polymorpha complex was identified using genetic analysis, molecular karyotyping, and RAPD-PCR [4] . The yeasts O. angusta and O. polymorpha were shown to be separate biological species, which showed post-zygotic isolation from two cactus strains (UCDFST 81-530. 1 Phenotypic characterization of strains VKPM Y-2583 T , VKPM Y-2584 and VKPM Y-2585, representing a novel species, Ogataea haglerorum sp. nov., was carried out according to Yarrow [21] and Kurtzman et al. [16] . Yeast cells were grown at 25 C on YPD complete medium (2 % w/v glucose, 1 % peptone, 1 % yeast extract and 2 % agar). Sporulation and zygote formation were induced at 25 C on 5 % malt extract agar, 2 % maltose agar and on acetate agar (1 % sodium acetate, 0.5 % potassium chloride and 2 % agar) media. [25] . A total of 1000 bootstrap replicates were used for analysis, using 2217 aligned nucleotide positions. The nucleotide sequences determined in this study have been deposited with
GenBank. The reference sequences used in the phylogenetic analysis were retrieved from GenBank under the accession numbers indicated in Fig. 1 .
Comparative analysis of the D1/D2, ITS1-5.8S-ITS2 and EF-1a nucleotide sequences placed the three cactus strains and NY8W01 in the Ogataea polymorpha complex (Fig. 1 Fermentation of: Asci may be unconjugated or show conjugation between a cell and its bud or between independent cells. One to four hat-shaped ascospores (Fig. 2) are formed in each ascus, which are soon liberated. The conjugation between cells and their buds suggests that the species appears to be homothallic. D Funding information
